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APC anaphase promoting complex 后期促进复合物 
APS  
BSA 
ammonium persulfate 过硫酸铵 
bovine serum albumin 牛血清白蛋白 
CDK 
CIAP 
cyclin-dependent kinase 周期蛋白依赖性蛋白激酶 
calf-intestinal alkaline phosphatase 小牛小肠碱性磷酸酶 
co-IP co-immunoprecipitation 免疫共沉淀 
DAPI 4',6-diamidino-2-phenylindole 4,6-二脒基-2-苯基吲哚 
DMSO dimethyl sulfoxide 二甲亚砜 
dNTP deoxyribonucleoside triphosphate 脱氧核苷三磷酸 
DTT dithiothreitol 二硫苏糖醇 
E.coli Escherichia coli 大肠杆菌 
EB ethidium bromide 溴化乙啶 
EDTA ethylene diamine tetraaceticacid 乙二胺四乙酸 
γ-TuC  γ-tubulin complex γ-微管蛋白复合体 
GFP green fluorescent protein 绿色荧光蛋白 
HU Hydroxyurea 羟基脲 
LB luria broth medium 肉汤培养基 
MBC Methyl Benzimidazole Carbamate 苯骈咪唑氨基甲酸甲酯 
3MB-PP1 1-(1,1-Dimethylethyl)-3-[(3-methylphenyl)methyl]- 
1H-Pyrazolo[3,4-d]pyrimidin-4-amine 
MCC Mitotic checkpoint complex 有丝分裂检验点复合物 
MTOC Microtubule organizing center 微管组织中心 
1NM-PP1 1-(tert-butyl)-3-(naphthalen-1-ylmethyl)- 
1H-pyrazolo[3,4-d]pyrimidin-4-amine 
OD optical density 光密度 
PAGE polyacrylamide gel electrophoresis 聚丙烯酰胺凝胶电泳 
















PMSF phenylmethylsulfonyl fluoride 苯甲基磺酰氟 
SAC spindle assembly checkpoint 纺锤体组装检验点 
SDS sodium dodecyl sulfate 十二烷基磺酸钠 
TAP tandem affinity purification 串联亲和纯化 
TE(Tris/EDTA) Tris/EDTA 缓冲盐溶液 
TEMED N N N' N'-tetramethylethylenediamine  N N N' N'-四 
甲基二乙胺 












































































Every mitosis, replicated chromosomes must be accurately segregated into each 
daughter cell. Cells have a series of checkpoints to supervise the process, to ensure 
accurate genome replication, repair in time and correctly. When kinetocore failure to 
attach correctly to the spindle or sense enquality tension from the opposite poles 
before anaphase onset, the spindle checkpoint activate. Cells delay anaphase onset 
until all chromosomes are correctly attached in a bipolar fashion to the mitotic spindle. 
Then the spindle checkpoint silence and the cell cycle continues. 
In the fission yeast, Dnt1 mainly locate in the nucleolus, and it also position on 
the spindle and spindle pole body at anaphase. Current study found that Dnt1 
inhibitted cytokinesis through interacting with checkpoint protein Dma1 and 
suppressing its E3 ubiquitin ligase function. Besides Dnt1 reduced Wee1 protein level 
to regulate G2/M transformation. 
In this paper we use the nda3-KM311 cdc13-gfp ark1-as3 silencing assay. Cells 
were arrested at 18℃ for 6h and shifted to permissive temperature of 30℃. Through 
caculating the percentage of Cdc13-GFP localization on SPB of every 10min for 
50mins, we indentified that Dnt1 was required for the spindle checkpoint silencing for 
the first time. And Dnt1 regulating SAC silencing was dependent on the essential 
checkpoint protein Mad2, Mad3 and Bub1; It cooperated with Dis2 and Bub3 to 
regulate SAC silencing in distinct pathway. 
Through the study on the orientation of cell biology and biochemistry analysis, 
we found that Dnt1 participating in the spindle checkpoint silencing was achieved by 
two pathways. dnt1Δ mutant delayed Plo1 recruitment to the SPBs when the spindle 
checkpoint was activated, and this process was partly dependent on Dma1. On the 
other hand, dnt1Δ mutant promoted MCC and APC to connect longer so as to 
suppress the activity of APC, causing the spindle checkpoint silencing deficiency. But 

















the intermediate mechanism was not clear. 
In conclusion, we first discovered that Dnt1 participated in the spindle assembly 
checkpoint silencing. In addition, we explored the possible mechanism of Dnt1 
regulating checkpoint silencing preliminary, and this provided an important 































Mad1, Mad2, Mad3, Bub1 和 Bub3[4, 5]。之后还发现 SAC 的其他组分如 Mps1, 
AuroraB。SAC 蛋白的分子组成在进化上从酵母到人类是非常保守的。激酶 Mps1
和AuroraB可能位于检验点通路的最上游。下游的检验点蛋白包括：Bub1, BubR1, 
Bub3, Mad1 以及 Mad2。它们两两总共形成 3 个复合物：Bub1–Bub3, Mad3–Bub3
和 Mad1–Mad2。纺锤体检验点激活后，Mad3–Bub3 复合物和 Mad2 招募 Cdc20
形成有丝分裂检验点复合物（mitotic checkpoint complex, MCC)，主要抑制后期


















Figure.1-1 The spindle checkpoint. 
细胞进入前中期时，如果着丝粒和微管不能正确附着就会激活纺锤体组装检验点，催化
BubR1, Bub3, Mad2 和 Cdc20 形成 MCC，抑制 APC 的活性。直到所有的染色体都平均分配
在赤道板上，Cdc20 激活 APC 的活性泛素化降解 Securin 和周期蛋白 B1（Cyclin B1）。Securin
被降解后 Separase 发挥活性切割 Cohesin 亚基 Scc1，姐妹染色单体分离；同时 Cyclin B1 被
降解后，Cdk1 失去活性细胞正常进入有丝分裂后期，纺锤体检验点沉默。 
1.1 Mad1 和 Mad2 
酵母细胞中Mad1的C末端含有高度保守的C末端结构域（C-terminal domain, 
CTD) ，该结构域对于 Mad1 定位在动粒以及行使检验点功能是必需的[8]。但是，
在非洲爪蟾中，Mad1 的 N 末端缺少 CTD 结构域仍然能够定位在动粒[9]。因此
Mad1 是否具有保守的动粒定位结构域或者动粒受体现在并不清楚。最近人类细
胞中关于 Mad1 CTD 结构域的晶体结构研究显示，Mad1 CTD 含有与 Ndc80 复合
体中的组分 Spc25 相似的动粒定位结构域；该结构域中的 RLK 基序对于人类细
胞 Mad1 定位在动粒很关键。而且在酵母细胞中 RLK 基序促使 Mad1 和 Bub1 蛋
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